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INTRODUCTION

Hurricanes and tropical stroms play decisive roles in the evolution of the

shorelines of the Gulf of Mexico. Along the rapidly transgressive deltaic head-

lands of the northwestern gulf coast the stratigraphic record of the Holocene barriers

is dominated by deposits laid down in the form of washover fans and terraces. Within

interdeltaic embayments, where wide regressive beach ridge barrier islands have

developed contemporaneously with erosion of the adjacent headlands one finds that

hurricanes play a less significant geologic role. Because of the extensive dune

ridges, which produce generally high relief on such islands, most storms are capable

only of producing isolated interdune fans. Consequently, the correct interpretation

of barrier washover sands in the geologic record and a comparison of the extent of

that facies to the volume of the other barrier island facies, may help identify the

paleogeographic setting of barriers in the rock record.

The hurricane effects reported in these two technical reports carry perhaps

even greater environmental geologic significance. When Hurricane Frederic made

landfall at Dauphin Island, Alabama, the impact was not one of wholesale, random

destruction. Instead, the property destruction and the amounts of shoreline erosion

followed a predictable pattern controlled by nearshore bathymetry. Maximum shoreline

retreat and property destruction on Dauphin Island occurred just downdrift of the

point of shoreline re-attachment of the ebb-tidal delta flank. Histo,. ccounts

demonstrate that both the 1916 and 1947 hurricanes breached the island in the same

areas.

The report demonstrates that if it is possible to effectively plan the use

14 of low-lying coastal lands such that the hazards of, and economic loss from, hurricane

impacts will be minimized. I -
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GEOLOGIC RESPONSE TO HURRICANE IMPACT
ON LOW-PROFILE GULF COAST BARRIERS

D~ag NUT iie'dal.' Shea li.nland.1 Robert Gerdes,' William Schramm.' Jacob Kahn' and Harry Roberts

ABSTRACT

11i,-ricaene I.reIe'ri made lai lill near Pascagoula, Mississippi at midnight September 13. 1979 At the time of
latlll I Ihe central pressore had dropped to 946 mb. onshore winds in excess of 200 km/hr were lashing the Alabama

I-~to infd thie open coast toerin t ide peaked at 365 cin at CGulf Shores, Alabama.

Calcura)pbit~gtilvibitnilin 197(6 and ~gaii9days alterb'r'de'rie- made landfall, combined with multiple
ti. Oai-'iVc'r111l ils .c 1d gnu ld sic cve's In' t he aidhors procvided the dat a A fior detri-nation ccl shoreli ne

t111, fl lt[ litlo ., locic, -anecor and sedina'ntary deposits.

Krci on of' thle Gulf flemcl it D aupcini f Island proved to fol low a predictable pat tern control led by nearshore
hl01'' iR-tu wi-e- fc-I i -1 ,' shoteil-wof the Mississippi Sound margin was an unexpected occurrence, apparently
dlut , i fiydraulic juoip a-' w'Cbovcr currents entered the deep water of Mississippi Sound. Large-scale sediment
redtrc1-hlliio on Ihaupihin t-.land proper was a consequence of the storm surge flood. However, the ebb surge was
re'sponisihle for the reopening of three inlets across L~ittle Dauphin Island.

Hurricane Fr'ie'ert also had a major impact on the Chandeleur Islands, Louisiana. Even though the maximum
,uirvo- height in ihi' .'f sideo ithu hurricane track wasonly 1.3 mn. pre-existing hurricane channels and washovers acted

icuodluts for the flood and Ol, surge.

INTRODUCTION The new field data presented in the paper are based on
observed effects of hurricane Frederic (1979) on Dauphin Is-

Ilirricanus at' maJor. perhap's the dominant, agents in the land. Alabama, and the Chandeleur Islands, Louisiana. Tbh'

du'.iipment uilbarrie'r island ntorpholiogy along the northern terminology is largely based on previous studies along the

arid weste'rn shores oif' the (tt o Mexico. Large-scale Texas coast, and many comparisons are made wtth the west-

washoeevr fiaos Andrews, 1971. hurricatne channels and run- ern Gulf Coast harriers, in order to establish a reasonably

ways with their associated deposits tilayes. 1967) and relo- complete set of criteria characterizing barrier island hur-

cated tidal passes (McGowen and Scott. 1975; Morton and ricane response.

Pieper. 19761 itre the major sedimentary responses to large
hurricianes on the Texas coast. Large washover fans are rare
along the Louisiana, Mississippi and Alabama shores. A typi- - ---

cal hurricane response along this uipper Gulf Coast is the- - - r * AiAKOCA

complete leveling of supratidal sand banks, temporary frag AFLA-. MAN- ,

mentation of low harrier chains iWright e' oal., 1970), the "' ,'

formation of wide liermanent new tidal passes, as for example ,--J

"Camille C'ut" in Ship Island. and the formation of nearly 13 I- 79 0.0 NIeCANI

cointinuoeus washovt'r terraces on sotme islands and barrier 6001 11 ullICAL00

beaches I Penland and Ritchie. 1979; Schramm et a/.. 1980). 120 Zi:

Whatever the precise process and sedimentary response, the ~ e~

frequency and magnitude of Gulf Coast hurricanes is such ' $

tI,;it thei'r impact on barrier island stratigraphy is considera-
hele. In 1979 alone, two hurricanes and oni' tropical storm made L
landfall onthe northern Gulf Coast i fig. Ii.It is the objective of -

til paper to identify and explain the patterns of island re-
sponse, as well as the morphologyaknd sedimentary structures Figure 1. Tracks of the four tropical cyclonec making landfall in the

ef the hurricane deposits and their AI ratigraphic implications. U.S. during 1979.

l'eaeiarteient 'if I'ieieigy. LOeuISae ta State LIniVe'rs ity
o.. .al Slocdies I last atte. Locuiscianca Stiate 11n cvernity
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METEOROLOGICAL CHARACTERISTICS depth in the nearshore through a storm surge, hgher breakers
OF FREDERIC are brought closer to shore. The factors which affect Ithe surge

height, therefore. must all he considered as independent vari-
Four hurricanes affectel the U.S. coas~tlinle in 1979 (fig. 1. ables influencing the geological effects of an ,% given storm

Of these, Frederic was wi,- of the most de% astating hurricanes These factors include the storm intensitY. Path. overwater
of the century. The ..timnated total property' damage was duration, speed. atmospheric pressure variation, spatial ex-
about 2 hillion dollat 1~ Wall Street 'Journal. Nov. 23, 19791. tent (size) of the storm, shape of the coastline, and the offshore
Most damage was wind-related in the coastal counties of' bathymetry. Because the inner shelf slope is relaitively sleet)
Alabama, Mississippi. and northwest Florida. off Alabama. the coastal surge of'Frederro was less than that

Fredricfolowe aniniialcouse los totha ofts re- which would have resulted from an identical storm making
Fdesrw follod an reinal coreclose toeta otorm- landfaill in. for example. western Louisiana ifig. 4'. In fact.

dthroghou and C;remlsaie 11 r~elivelv a stormtth hurricane (lmllv-s extrmrelY high surge was a function of

northwest coast of C'uha on Septemher 10, it quickly inten- the shallow ihelf'along its path iCERt'. 1977'

sified while moving across the warm waters of the Gulf of
Mexico. It niovel ;it an average speed of 16 km hr and
traversed the Gui, in 2.5 days. This for-ward speed was about
the same as hurricane Carla (Hayes. 19671. Because of its l
relatively slo~w advaince and huge late-ral extent, Frederic de-
ye Ii ped a large ,.toriin so rge. After en is~.in g Dauphin [,land,

Alabama, Fredi'ric made landfill near Pascagoula, Missis-\\,)-
sippi, at 00:00 approximately CDT. (5:0(3Z) September 13(fig.
2'. A maximum storm tide of 365cm 1 12fit)was reached at Gulf
Shores, Alabama. This value appears to reflect the peak tide
along the open coast, although the same height was recorded
ait the head of Mobile B-ay. An open coast storm tide of this
magnitude compares well with the :396 cm maximum Carla ~
tide at the Port Aransas south jetty. However, at Port Lavaca
oin Mataigorda Bay, hurricane C'aria produced a 670cem storm.....
t ide i Harris. 1 9630. Apparently, the highest tide ever recorded
on the Gulf ('oa~t was that produced by Hurricane Camille.
which reached 731 cmn at Bay St. Louis. Figure 3 shows the

elevation of high water marks reported after Frederic along I

the upper Gulf Coast. AM expected. the maximum storm tide
was recoirded :30 kilometers to the right (east) of the site of
hurricane landfall1. In order to compare Frede'ric to other major
Gulf hurricanes over the last two decades the relevant
parameters have been listed in table 1. Figure2. U.S. Weather Service radar positions of hurricaleFrederm.

In termisuifge'ological effectsof ahurricane. the surge height between the evening of September 12 and the morning of Septemlber

ithe single mnost important paramt'r. The surge height 13, 1979.
co~ntrols the extent of flooding, and additionally controls the
energyi iifthe breakers, a fact that is often overlooked. Deep
water hurricane waves typically have such heights that they Deep water parameters for hurricane Frederic were re-

* will break and reform multiple times before reaching shore, corded by NOAA's data buoy EB 42003. located at 260N, 86'W,
Any wave will break in a meaii water depth roughly equiva- directly in the path of the hurricane fig. 5). This time series

*lent to its height' Munk 1949'. Therefbre,hby increasing water demonstrates a maximum wave height of 9.1 mn coincident

Central Pressure Maximum Forward Peak Open Maximum
at Landfall Wind Speed Speed Coast Tide Tide

NAMV IDau' Landfall imbi (km/hr.' 'km/vhr.' 'I' 'mnl

(aria 911i61 Pass Cauallo 931 282 t 4.5 :196 670
Beulah 9,2(Y67 Brownsville 923 219 17.0 2.44 2.87
C'amille M1 114169 Bay St Louis 905 218 24 0 7.31 731
Cella, x403 70 C'orpus Christi 964 259 19.0 2.80 3.48

1 o9,r10, 71 Po~rtO'Connor 981 137 145 L68 168
IFredprie 9 1:1179 Pascaigoula 943 234 t1r, 31:.65 3.65

Dato from 1t1 Havew 1967' and'ERt" 11977'1. 12' U.S. Army Engineersi 119681,(3) CERC' 1977i1 and Wrighi.'tal. 119701, '4'P U.S Army Engineersi 1970),
5' [US Army Engineers, 19711. '6' Weather Service Hurricane Warning Office 11979i.

Ji Table 1. Meteorological parameters of some recent Gulf Coast hurricanes.
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with a maximum wind speed (it I IS km hr. At the time of' , .-. ' -
landfall the strongest windsreached 205 km hr. theassociated ' ' ,"*'s' .
central pressure dri,plsed ho 9.1lnh -i I r. Th highest sus- .,-, ' . ..
tained winds at the I)iuphin Island 'au %i, !wav reached 230
kmi hr. , .-

95 ', ,

9I ._._. II_. ._._. ._._ A

f2 1 14 I !"b i F 7F 2 o 2F FEOF lii 030 in 1 1F 1 v4 I

I Figure 5. Deep water time series ot hurricane Frdvri',. phvyicd
. parameters t Diez. 1980 .

Figure3. Elevation of highwater marksafter the landfall ofFredero.
The inset of the storm tide elevations shows the asymmetry of the
surge.

Figure 6. Wind speed and central pressure time series for hurricane
Frederic for the time period of September 8 through 19, 1979 1U.S.
Weather Service, 1979i.

Water level variations in Chundeleur Sound were
documented by a continuouslyrcodn tide gage at G..ardner

I * , . . . ',Island, La. (fig. 71. This water level time series can be well
* .,*.- .explained intrsof the Emntransport asociatwit

_____shifts in wind direction recorded at Biloxi airport 'table 2). The
S..~. very rapid fall in water level between 0700 CDT and 2300 CDT

on September 12th, correlates with the pre-landfall shift in
local wind direction from NE via N to NW. The associated

Figure 4. Shoaling factors and nearshore bathymetry along the Gulf Ekman transport flushed water out of Chandeleur Sound to
Cost. the south.

9 - ~.,.
3 F -.-.-- *.I
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hs hurricaine Fri,'w- moved in land it caused moderate abandoned St. Bernard suhdelta, of fteMi( isip River

pr*c ipit at ion 20-3o cni and paw ned numnerous tornados. (Frazier. 1967. Dauphin Island. i-xcei 1~ is sina ll i-astvrn
R~iinfa -illmid rt-iIi ng ci %ir floodig a rinmportant geological Pleistocene core Otvos. 1979,. isalso a 1(,% b ilarrier.
responses it) huor it: nc s al ig the- mainlaniid shores ' McGo- probably t ra nsgressivye, a nd aissoci at ed in aim titk 1(Wiio wa

wt-ii I97W1 These an o'. xir, otside t he scope of' this wit h the erosion of the Baldwin ( u ntx' shi irel joe. Al aba ma

Ipeli' and the ancestral Mobile River valleY. The iii erxening is-
lands oif Petit Bois. Horn. Ship and Cat Islands atre all high
profile, regressive harrier islands rig. 8. 9, and loi.

Gulfimmirt

Figure 7. Water lk-%,; itmi- sirt-i ii--i arine-r Isla~nd. Louisiana dur-
ig t he passage (0 I,,brmr 1,' hli '~r~

Regressive Barrier islnm s

in.AI 1r.- 1,,, F k r,.;,ub Tranlsgressive
Il., ~ i-.0~i 'r-rp1 -Barrier tWorids

12 i kNN ,i 1" t' ......

"-N%% N.
1 1 

I w I. N.. Figure 8. 1 ocation map of the northern (;ulf ('oast harrier islands
Nil if~iiipiii'. -.~.i.-I :.Note the peripheral locations of' the two transgressive systems.

Dauphin Island and Chandeleur Islands; and the central location of
the regressive islands.

Table 2. Storm ,uirge- sequence in ('handeleur Sound. Compare to
water ievel curve in figu.re7

Otvos 1 1970, 1979' presents evidence favoirinsg an origin of
these upper Gulf Coast harriers through vertical shoal-bar
aggradation (thp de~eaumont theory), probably about 3,000

ISLAND DEVELOPMENT AND MORPHOLOGY to 4,000 years ago. Open marine nearshore deposits underlie
the present islands. In all probability the oirientation of the

The differentiation between high-profile and low-profile is Alabamna-Misr-issippi harrier trend is related to the presence

lands serves as a useful basis for an analysis of the effects; of ofthe Pleistocene high at Dauphin Island. This high may have

hurricane overwash. It is also a basis for a genetic classifica- co~ntrolled the alignment of the incipient shoals further west.

titin of Texas barriers in that low-profile barriers are rela- The impacts of numerous hurricanes prior toIFrederic have
tively young transgressive landforms found in association left indelible imprint% (in the morphology of the upper Gulf
with erosional deltaic headlands. High-profile islands corn- Coast barriers. The present separation of Dauphin and Petit
nonly are older regressive barriers formed in interdeltaic Bois Islands was caused by the 1740 hurricane (Otvori. 1979t:

i. ightq ,Norton and McGowen, 1979: Morton. 19791. This clas- Dauphin Island itself has been breached twice in this century
sification established for Texas also appears to apply well to In 1916 an 9.5 km cut was opened to the west of the Pleis-
barriers farther east. The Chandeleur Islands certainly are tocene core i Hardin et al.. 19751. 0.5 km oif this scar was
low profile in the sense that they lack multiple well defined reopened for a short time by the 1947 hurricane. Ship Island
dune ridges, they are highly transgressive iTreadwell, 1955) has been cut 4 times during the last 130 years tin 1852, 1893.4and are associated with a deltaic "headland", specifically, the 1947 and 1965): before Caomille' in 1969 permanently sepa-
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Figure9. Morphological map oil li|)phin Island. Alatana I)[lota base: vrtical and oliquu aerial photographs and field osix-ctioinsi.

rated east and west Ship Island. Segments ofthe Chandeleur
Islands have undergone numerous episodes of hurricane de-
struction and reemergence 1(tvos. 1970). Hurricane Camile,

- - which produced a 6 m storm tide at the Chandeleur Islands
.- ' .(Wright et al., 1970, fragmented the northern 32 km long0.. 1 , .,- \Chandeleur Islands into about 50 separate islets.

HURRICANE FLOOD-SURGE RESPONSE
L DAUPHIN ISLAND

Gu'tlf Reach -The amount of shoreline retreat at Dauphin
Island due to the effects of hurricane Frederic was determined
from two sets of verticA ae rial photography. The latest lire-

z : hurricane photo set was obtained in October, 1976. The ear-
liest post-hurricane photos were those obtained by the Army
Corps of Engineers. Mobile District, on September 22nd. 1979.
Precise measurements of the position of the high water line
relative to a common baseline on the two photo sets produced
the shoreline retreat map in figure I1. The plotted hurricane-
related retreat is corrected for the amount of'shorreline erosion
expected to have taken place between 1976and 1979 through
"normal" processes. Based on values in Hardin et al., (1976,

St this was estimated to have been about 3 m'year. i., 9 m total.
• - ... I ............. The magnitude of shoreline retreat during hurricane Fre.-

deric varied considerably along the Gulf beach of Dauphin

Figure 10. Morphological map of the Chandeleur Islands, Louisiana Island ifig. 11). The least amount of erosion occurred in the
2 Data aos : vertical and oblique aerial photographs and field inspec- Dauphin and Bienville beach areas near the center of the
t t0.,. Pleistocene core of the island. This reduced erosion is related
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Figure 11. Vertical air photo derived mean high water shoreline retreat values for the Gulf and Sound shores of Dauphin Island. after
he passage ofFrederic.

to the sheltering effect of the supra-tidlal shoals of the ebb-tidal treat of 20 m., and the reopening of three inlets, the large4t
delta of the Mobile Bay entrance. These shoals, Sand and being Pass Drury (fig. 12i.
Pelican Islands. while themselves being levelled into subtidal
shoals greatly reduced the wave energy reaching the shore of Compared to other recent hurricanes. Frederic was not ex-
the main island. In fact, hurricane wave refraction around the cessively erosive. For example. Carla, which struck the Texas
flank of the ebb tidal delta platform, and these shoals, may coast in 19611.eroded the Padre Island foredunies b . an average
have turned the Dauphin and Bienville beach areas into a of 30 mn and caused local dune scarp retreat by as much as 100
zone of Iongshore transport convergence, causing a slight mn on Mustang Island iHayes, 1967). The shore of Matagorda
beach accretion during the storm, peninsula was eroded 250 mn by hurricane Carla (McGowen

Shoreline retreat was much higher both east and west of the ann aoer

Bienville beach area. The i reased erosion at the east end of I
Dauphin Island reflects an increase in distance and water ee
depth between the shallow ebb-tidal delta margin and the b20
island shore. Based on the track of hurricane Frederic, peaksFrdi aso
wave energy flux probably struck the island from the SSE. The sot
east end of Dauphin Island is openly exposed to waves from
that direction.

Maximum shoreline retreat, about 40 In. was observed to A- PASS MUNI

have occurred immediately west of the high dunes fronting the scar
Pleistocene core of the island rig. 9 and 1 I s. This location o
coincides with the dlowndrift margin of the ebb-tidal delta. NW ~ 2
Preliminary refraction analysis for hurricane waves arrriing
from the SEor SSE suggests that the ebb-delta swash platform

inl focused wave energy at this very location. Along the
western Is-nds ref Daupn Ilan dsdeinte ra waer- o

,ie 5meters.

Tour surprise the Mississippi Sound shore of Dauphin
Island suffered more retreat than the Gulf shore; the -.verage

amu shein retreat wa about Alon th observe .ae1.Vrilarphto derive mea hig wae shore-line

ofLiehmnr rfauphin analysiws anr aeriae wvshm. stetvarriovitiaphnIladatenuriaeFrdrc

-/-

frmteS rSEsget htth b-et ws ltoma. O



Nt'MMEI)AL. PENIAND. (;ERDES, SCHRAMM. KAHN. ROBERTS ]

In light of hurricane wave refraction, the pattern of erosion air photos revealed ar abundance of liiar depresons pro-
along the Gulf beach of Dauphin Island is readily explicable, ably dating back to earlier hurricanes.
The pattern, however, is not transferable as a basis for predic-
tion of storm erosion along other Gulf coast barriers. In fact, The continuous washover terrace is an apparent charac-

this erosimn pattern corr sponds more to a response expected teristic storm response on a low profile barrier island Numer-

for mesotidal east cop o barriers. Normally, those are the ous examples are know, both for hurricane, ,., Matagorda

barriers with a "druy tick" shape and large associated ebb- Peninsula, Morton. 19781 and for extratropical storms on

tidal deltas (Hayes. 1979). The Dauphin Island morphology is North Carolina's outer banks. iPierce. 1970,.

somewhat of an anomaly for the microtidal Gulf Coast: an
anomal v which is duoa. in part. to t he Pleistocene core and the
large river discharge of the Mobile River contributing to the
formation of the ebb-t ida I delta at the bay entrance.

During the peak of a hurricane the deep water wave height
H,,i and wave length (L,,l are such that the wave steepness

IH,, L,,, gi- tl etc.'ted 0.025, the value found by Johnson

1956, to diffir t".itv erosional fron accretionary waves.
Steep waves reniO iv more sand from the beach during back-
rush than they supply during uprush because the constant
pounding of the waves permit no time for beach face water
percolation and sediment settling. Consequently, the im-
mediate post-hurricane beach has a smooth, upward concave 14.
profile. During waning stages of a storm the wave steepness W I
decreases iid s 'dinient is returned to the heach face, gener-
ally in the foini of a landward migrating ridge with a steep
landward-dipping lipfoce I)avise' l/.. 1972i. This high ridge
was quite prominent on Dauphin Island only 9 days after the
hurricane. The presence of ridge-and-runnel stratification
Davis, 197$, wiuld be quite diagnostic of a storm deposit in a

Gulf ( oast type barrier beach because significant ridge topo- to ......
graphy is rare during fair-weather conditions. Furthermore,
the underlying storm beach strata would dip at a much gentler
seaward angle than those of the fair weather beach. The Figure 13. A sequence of vertical air photos, west to east, along the
l)auph in Island storm beach was v'ry fine grained. There was central portion of Dauphin Island after hurricane Frederic. Arrows
a not ceahle absence of deep water fauna washed up on the indicate the major hurricane channels. Note the flame-shaped
beach 1contras ayes, 1967 1. washover fans and back-barrier scour. Gulf is at bottom of each photo,

Mississippi Sound at top. Photos taken September 22, 1979.

Vegetated F/hos - Only a few minor hurricane channels
were fbrmed at the eastern i Pleistocene) part of Dauphin Is-
land. The associated deposits were small interdune fans. The
extensive dune ridge fronting the Pleistocene core, locally I
reaching an elevation of 14 m, was not breached.

The Holocene l)auphin Island is a low pnfile barrier reach-
ing a typical elevation offrom 1.5 to 2 meters above MSL along
the storm berm fig. 91. Only insignificant incipient dunes
existed prior to Fredcric. Earlier hurricane washovers are I
visible in pre-Freder aerial photographs. These were proba-
bly caused by hurricane Camille. A

Figure 13 demonstrates the variability in hurricane over-
wash morphology. A continuous washover terrace formed
along the entire Holocene part of the island. Along most of it,
thi terrace extends across the island to the shoreline of Mis-
,--ippi Sound. t)nlv three major channels developed: two of'
I ne'a mar tii' end f the pave'd road in the housing develop-
init fig. i 13 1. Minor channels were abundant, in particular
within the housing development. Some of these had scoured
well below the MSL at the back side of the island. Large scour
holes, some many meters in diameter and up to a meter deep
had formed in what appeared to be a random distribution Figure 14. Oblique aerial view of scour pits in the washover terrace
across the barrier grass flat I fig. 141. A review of pre-Frederic on central Dau- in Island
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StratigraphicaillY the Dauphin Island N~ashover terrace on Dauphin Island. It appears that this morphology require, a
type of storm deposit would be recog-nizable through the 116i- rather unique relationship between the hurricane tide height
lowing criteria. Large lateral extent of' horizontal. upper flow, and the barrier profile.
regime, planar stratification Each set is some 10 to 20 cr0 These fans are characterized byv wide con tinhi-its upper-flow
thick. Tahular cross-stratif aioofviblthcnsisa- regime plane beds and soliv tr'tigh-stratificatioi reflecting
sociated with fan moar,, -. Minor hukrricaine channel., ire lagoon-wvard migratinog mnegaripples in t he fan apices. Some
floored by at coarse lag. verlain by trough and or ripple drift fan margins wetrc built to aboive normal sea level, thus leaving
stratification in respor - to landward- raigrat ing megaripples stagnant ponds subjict to suspended sediment fall out after
and ripples. Ripples %%u Id common lv01 he- draped by mu d, re- the storm. The resu]ltinog mutd la~ ers, common ly drapping t he
flect i g settlIinrg of fin, io ,tagnant pond-,after stortil s~hSi- fan-apex hecdforms. quickly becomne burrowed together with
dence. Deep, steep-sided cut-and-fill structures would be left t he upper laver-. of the underlying sand
by the barrier flat scour holes. Texturally' , the fill would
change upwards fronm coarse scour lag through sand to mud
Above the mud the( -.coiir hole woiild Ia' itifilled iv icolian STORM SURGE EBB
sand, In the majorhhurricane channels one oight expect tt I" id DAUPHIN ISLAND
bidirectional trou&:", cross-strati9Wtion with the upper lpeds
fl med inl respon." the( ;towl surge clii The mraximu m impact of a hurricane is noirnmally felt on the

right hand side ofthle hurricane track, because the trans-latory
Bar k -R ri-or maorgin T'he po~st -Fred/i tt Mississippi Sounid speed of huiirricante imove men t and the rotatinonal speed of'

margin of Dauphin Island is deeply 'vIndented by' narrow, deep wvinds ar-ound the hurricane ceter here are additive. D)uring
channels which Ih ad into flamie-shaped lagoonal fans ,fig. 123 approach and landfaill, these winds are directed onshore. The
anid 15).The fan size is generallv proportional to thesizeoftire storm surge flood sequence discussed above is the normal
feederchannel. Betwe-en the imijorshore-nornial channels the response. After inland passtige of the hurricane eye, coastal
barrier is backed bY a nearly continuous deep trough (Fig. 13i. winds will shift and generallY blow from left to right alongthe

shore in the area oflandfail. The ocean surge quickly subsides
and strong ebb-directed currents flush out of' coastal hays
Pierce. 1970: HaYes. 196-7. MeGowen and Scott. 1975i.

This (-fb-surge hit, its own unique assemblage ofsedir-nen-
tar " responses. Hiaves 11967) documented that it was related
to the deposition of'slialltw-helf graded beds and, within the
harrier island system,. helped deepen the major hurricane
channels. Becausev of the unique morphology of central Padre
[.sland. cionsisting if litre-island anid back-island dunes sepa-
rated by ai wide low '-.vale. the storm surge ebb currents flowed
dowkn this swale in a general shore-parallel dirtection. The
resulting hurricane "run~ av is a diagnostic hur-ricane fea-
t-c furislands like P'adre Island. but it has, not been observed

elsewhere. The niajor ebb surge eflect ott Dauphin Island was
the breaching of three inlets through Little Dauphin Island
1fig. 16 and 17,. Somle evidence exists for seaward return flow
in botth minor and major hurricane channels. The opening of

Figure 15. Close-rip view of back-barnier scour and flame-shaped Pass lDrury by the t-tb-surge is documented by the following
waish -over fans. Photo taken Septemnber 22, 197 9. data: 1'1 Imnmediaft-ly after iopening there was a large sand

hotd u n the Mobile BaY side of the inlet. In essence this is the
ebb-tidal delta of' Pass IDrurv. 2' All channel markers in

The erosion of this trough and channels is r'esponsible for f ie( Datiphin Island Bay. west of the inlet, were bent to the east. 31
back barrier erotsio~n depicted in figure 11. B~ack-barrier ero- Poist-hurrica-t, hvdrtigi-tphY in Pass D~rury' has indicated that
sin wats caused by an intense hydraiulic jump Whow, 19591 during -winter' wind coinditions the inlet is flood dominated.
formed where the~salwse~fwtrfoigars h These tobservations support Pierce's 1 1970) opinion about the
harieWr flat in an Upper flow regime condition suddenly en- iopeni(iof tidal Inlet, s\ *,Neb surgv flow. However, well-
tot itered the deeper water of Mississippi Stoand iSchramm t dtocumninted example-. of inlet cutting by Ibodu flow also exist

I 11 Tbi-. -. otilif hi simlilar tot hi' scour at the base f'a i see discussion in G reentwood and Kea'.. 1979.
.spillway. The entrined sediment wotuld be deposited in a The post-hurricane modifications of the Dauphin Island
1f i me- like biii du ti tiniix in g tf wa slit e r ianil Sitund water shorelIinte have is-en it' Iativ r* vl mintor. As ex pecteod. wave tic-
and coinsequlient reduction in sediment transport capacity. The t ion tiloing the shores of Mississippi Sound and Mobile Bay
igh~er the '%elocit oftlne washoier etrreint. the nmore elongate have rleveloped land-%v.ard migrating Nwash bars along the
filt' ut. Itecailst- itt \itg aiiild Ite moitst tI'ectuev altong the -i-estsofthe.fluitne-shalnedf aisi g 1Island the Pass Drury' ebh
hiteiral ii i rgin, if thte let Lairge sce delve'ltopmrent of' brick tidal det-Ita. However, as of this writing. 9 months after Fre-
ha rrie'r fli nit- -sha ped fians is timilY kintowni friom Caor/os Impact - i/1c. P ass I rur rv is still ripen and the Mississippi Sound fans
oni .-. iigiirra peinsuila Morton, 1975i and Frt'iltri-s effects are still vecry distinct

;I
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Figure 16. Pa tir. at Littl DcIauphin Island on September 22. Figure 18. Modification of the flamne-shaped wa,hover fanls -IX
1979. months after the passage of Fri'dtr Note lth ndward mingration

swash bars along the fan crest. (See fig 1:3 P',intFtlicati)n of thi,
oblique aerial photo). Photo taken March 12. 19N)

CHANDELIEUR ISLANDS

Figure 10 demonstrates the variabilitY Ii topographic relief'
along the ('handeleur Islands chain. Only the north-central
segment of the island arc has an.) significint loredunie relie-f"
The remainder if the islands should certaink b ~e cla~sified as
low-relief barriers.

The Chandeleur Islands were segnmented into lnmerous
inlets by hurricane C'amille in 1969. The flood-surge of' hur

~ricane Frederic reopened most ofthese major channels. In fact.
no "nlew" major hurricane channels were cut by Frederic.
Within the northern 16 km of the harrier islands, Frederic
reopened 21 major channels. The channels are typically 150 mn
to 300 m wide at the throat. There is a variety of channel

Figre 7. as MagartatLit I Daphn Ilan onSetemer 2, morphologies. Landward of the dunes some cuts widen, some
Figre 7.Pas Mrgaet t ~it'v~auhi IsandonSepemer 2, merge, and others become narrow and sinuous. A detailed

1979. comparison of pre-storm and post-storm photographs reveals
that the plan view form of distal portions of the channels is
almost always identical to that of pre-existing tidal channels

Stratigraphically. the evidence for storm surge ebb, in a in the back-island marsh.
setting like Dauphin Island, is going to be rather limited.
Some seaward-d irected trough and tabular sets of cross- A 1 km wide segment of low barrier flats in the northern
stratification wouild have developed Ii the hurricane chan- part of the islands was completely overwashed and eroded to
nels. These would overlie landw~ird-directed cross strata as- just below sea level. This site has historically been the largest
sociated with the flood surge. Ini faict. this bidirectional cross- and most frequently re-opened inlet in theChandeleur Islands
stratification Iii scoured channels normal to the beach might proper, commonly referred tt as *'North Inilet' Figure 19
I*- at diagnostic storm-response feature. Ini many places, the shows the fan morphology in the area of"'North Inlet". Large-
~equenvi, woo I be fining upward and capped bY drape- scale rhomboid hedforms IMorton. 19781 dominate the fan
laminations of nitid. 'I hie stratigraphic characteristics of' surfaces.
storm-induced Inlets like Pass IDrury' is qluite complex. Suffice The features so far described were formed in response to the
it here to say' that the base of the se-quence will he a scoured storm surge flood. Flood-oriented large hedforms are preya-
surface into fine grained Mobile Bay' sediments. overlain by lent in many of the hurricane channels Storm surge ebb
ebb-oriented trough stratification associated with the initial modified, and probably deepened, mant. of' the majior hur-
bud ding of' he t-lili t idl delta IPlan ar lai ntiot n probably ricane channels. Prime evidence tf this is s4-.-'n Ii othe presi 'ce

I1. %e'lopeid .14,4ioii. ii teiI hi'Il or in-. 11, will1 li. tabulari Sets of "-ltb-siirgv dietas:. -t-di ment fans at I Ii- 4eaward side-(it
ofi ,ioe.-,-t I.t I.i1i ~III~ I I)n t IIiodI i-(I I oilo, reflect Inlg t he Ilarg- many maJor hiirricann' thatnes ifig 201i These individuail
flood oql-11ri111ti %%iil lie, ilIt tloriiioitttl- i inlt after the fanIls ort lIlIh-Iiie,' dellis. ini1tiallY extet-d 511 to IMO "I sea-

strata and beach lamination i-elt-c Ing the landward migr-a- like].vsources of longshore drift material for the rapid sealing
I ion of post -hurricane swash bars, of the seaward termini of many storm channels.
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Figure 19. Vertical airphoto of the "North Inlet" segment of the ('handeleur Islands. Notw broad fan-shaped back -barrier deposits
with large scale rhomboid features. Photo taken on D~ecember 1t0. 1979.

As demonstrated in the nipof response rt'civeryfeaturt'sif Much of this southern segment of the Chandeleur Islands
the Chandeleur Islands' dig. 21., the southern half of the chain responded tok'redernc through a complete loss of the subaerial
tinder~ent a different set of hurricane-related changes. This beach. The beachface marsh outcrops were in places eroded
]Iifti'rence reflects both the change in shoreline attitude (the back more than 50 m. Large washover fans were deposited,
southern part face-, ESE whereas northern half faces ENE, some extending several hundred meters into Chandeleur
and pre-itorm topographic rel jefi fig. 10). The southern half is Sound. A large amount of sediment was also deposited in very
much flatter, with a maximum elevat ion of between I m and thin sheets. only a few centimeters th ick, on top of the south-
1.5 m, and devoid of foredunel. The islands are rapidly trans- ern Chandeleur marsh surface. Small "flood-surge' deposits
gressive leaving extensive areas of exhumed marsh peat with could he detected on the sound side of many storm channels.
well preserved mangrove roots oin the bieach face. The back- There were no -ebb-surge deltas", however, south of 29055'N
barrier marsh is in an advanced state of deterioration due to latitude. Seven of the storm channels in the southern half of

4 isla-d subsidence. the ('handeleur Islands were "new", e they did not simply
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,4J,

Figure 20. Vertical airphoto of the north-central segment of the Chandeleur Islands. Note the partially modified ebb surge deposits
off the channel mouths. Photo taken December 10, 1979.

reoccupy Camille channele. 1916 and 1947 hurricanes breached this island in the same
area.

CONCLUSION The storm surge flood modified Dauphin Island according to
a pattern determined largely by pre-storm island topography:

The impact of hurricane Frederic on Dauphin Island, 1) In the eastern high-dune region it cut only a few minor
Alabama and the Chandeleur Islands, Louisiana, hurricane channels, terminated at their landward edge by
domonstrated that shore erosion, and the related destruction small inter-dune fans. 2) On the western Holocene spit the
of property, followed a predictable pattern controlled by near- hurricane caused complete overwash, cutting three major
shore bathymetry. Maximum shoreline retreat and property hurricane channels and hundreds of minor ones. Erosion oc-
destruction on Dauphin Island occurred just downdrift of the curred by wave backrush at the Gulf beach and by scarp
point of shoreline re-attachment of the ebb-tidal delta. Histor- retreat through hydraulic jump at the Mississippi Sound-
ical accounts for Dauphin Island demonstrate that both the island margin. Scour holes developed across the barrier flat.

___ ___-_
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HURRICANE IMPACT AT DAUPHIN ISLAND, ALABAMA

by

Shea Penland, Dag Nummedal, and William E. Schramm
Department of Geology
Louisiana State University
Baton Rouge, Louisiana 70803

ABSTRACT

Hurricane Frederic made landfall near .ascagoula,
Mississippi at Tdnight September 13, 979. At the
time of landfall, the central pressure hbd dropped to 946
mb; onshore winds in excess of 200 Xm/hv were lashing the
Alabama coastline, and the open coast storm tide peaked
at 365 cm at Gulf Shores, Alabama.

Vertical aerial photography obtained in ±976 and again
9 days after Frederic made landfall, combined with multiple
reconnaissance overflights and ground surveys by the authors.
provided the data base for determination of shoreline erosion
and the distribution of hurricane scour and sedimentary
deposits.

Erosion of the Gulf beach at Dauphin Island proved to
follow a predictable pattern, controlled by nearshore
bathymetry, whereas retreat of the shoreline of the
Mississippi Sound margin was an unexpected occurence.
Apparently this retreat was due to a hydraulic jump as
washover currents entered the deep water of Mississippi
Sound. Large-scale sediment redistribution on Dauphin
Island proper was a consequence of the storm surge flood.
The ebb surge, however, was responsible for the reopening
of three inlets across Little Dauphin Island.

The wave-induced property destruction on Dauphin
Island was most intense immediately west of the area of
high dunes. This segment of the island, the easternmost
portion of the Holocene spit, has been breached twice in
this century. wave refraction analysis demonstrates that
this is an area of wave energy focusing. Therefore, during
future storm events, breaching, or at the very least severe
property destruction, in this area seems inevitable. A
sensible land use plan for Dauphin Island should include a
search for alternative, and potentially safer, areas for
development.
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INTRODUCTION

During the 1979 hurricane season, six tropical
cyclones were spawned in the North Atlantic; four of
these made landfall in the United States, three of which
were of hurricane strength (fig. i). Hurricane Frederic

--. .... . Figure 1. Tracks
. 'ATLANTC OCEAN of the four tropi-

..... IT . " cal cyclones which
made landfall in

4 Stoll 79
""13 0400z HURRICANE the United States

'4 ...JUL 713 SET .. oCL during 1979.
S4, L0500z STORM

IT JULY 79
1200 F R I DFRIN

made landfall near Pascagoula, Mississippi after crossing
over Dauphin Island, Alabama at 00:00 CDT, September 13,
1979 (fig. 2). Total property damage in the coastal
counties of Mississippi. Alabama, and northwest Florida
was estimated at near 2 billion dollars (wall Street Journal,
Nov. 23, 1979), making Frederic the costliest hurricane
disaster ever to hit the United States.

Figure 2. U. S.
eather Service
radar positions of
hurricane Frederic,
between the evening

-n of September 12 and
the morning of

Dp Wn September 13. 1979. I
Greenwich Time.
(Data from: New
Orleans Area Weather

..., 31 Service Pbrecast,
Cha , o,, ,,r Office).

0 so

Rads" Sionan

an-- n d., lland.

The objectives of this paper are: (1) to describe the
changes in the physical environment of Dauphin Island caused
by Frederic. (2) to assess the factors responsible for
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variations in shoreline erosion along Dauphin Island's
beaches. (3) to review pertinent aspects of historical
hurricane impacts on the upper Gulf Coast. and (4) to use
this integrated information on hurricane response to evalu-
ate the presently established pattern of island land use.
It will be shown that the residential development which has
occurred on Dauphin Island over the last 25 years is
environmentally unsound, and very vulnerable to storms.
An analysis of all of Dauphin Island suggests alternative
and safer sites of development.

EVOLUTION OF UPPER GULF COAST BARRIERS

Otvos (1970, 1979) suggests that the Mississippi/
Alabama barriers originated through vertical shoal-bar
aggradation (the deBeaumont theory) some 3 to 4 thousand
years ago. Non-barred, open, marine nearshore sediments
underlie the islands. The location of the barriers is
related to the presence of the Pleistocene core at the east
end of Dauphin Island, which may have controlled the forma-
tion of the incipient shoals further west. Once the shoals
became subaerial barriers, they migrated westward by erosion
of their updrift end and spit growth on the downdrift end.

Two distinctly different barrier island morphologies
have developed: low-profile and high-profile islands. ,
Generally, low-profile barriers are transgressive sand
bodies, whereas high-profile barriers are regressive. Low-
profile barriers are characterized by (1) narrow widths,
(2) low, irregular dunes, and (3) high washover density.
High-profile barriers, in contrast, are (1) wide, (2) high.
with well defined fore-dunes and multiple parallel accretion-
ary ridges, and (3) have few washover features (Morton and
McGowen, 1979).

Dauphin Island is a combination low- and high-profile
barrier (fig. 3). The eastern end of the island consists
of a Pleistocene core 5 km long and 2.6 km wide, with large
landward-migrating sand dunes up to 14 m high. This higher
portion of the island is vegetated by a dense stand of
pine. Prior to Frederic, the 19 km long Holocene spit west
of this core was characterized by an almost continuous
washover terrace with small discontinuous dunes. The
barrier width ranged from 300 to 600 m. The other barrier
islands on the upper Gulf Coast, Petit Bois, Horn, and
Ship Islands, are all high-profile regressive barriers.

The upper Gulf Coast barriers are frequently and
extensively modified by hurricanes. A major event was the
separation of Petit Bois and Dauphin Islands during the
1740 hurricane (Otwos, 1979). U.S. Coast and Geodetic
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Survey charts from the 1850's indicate that Dauphin Island
was breached by the 1852 hurricane. In this century,
Dauphin Island has been breached twice. An 8.5 km breach
was initially opened west of the Pleistocene core (fig. 4)
by the July, 1916 hurricane (Hardin, et a.1976). Hurricanes
in October of 1916, 1917, and 1923 heI-ed-to prolong the
existence of this breach. The last recorded breach took
place in 1947. This was a fairly narrow breach (0.5 km
wide) which closed quickly. The 1947 breach occurred
within the segment originally breached in 1916.

Lmadng~dg.E C1917

o z b '.

Figure 4. Maps of Dauphin Island in 1917 and 1974. The
breach in the island was created by the July 5. 1916
hurricane. The black box encloses the area of extensive
residential development on the Holocene spit and is also
the location of the area covered by the vertical mosaic
in figure 13. (Maps from: Hardin &t al. 1976).

According to Waller and Malbrough (1976), Ship Island
has been divided by hurricane breaches at least four times
in the past 130 years (1852. 1893, 1947. and 1965). Hurri-
cane Camille in 1969 created "Camille Cut," permanently
separating the east and west portions of Ship Island. A

t tidal channel 3.5 m deep developed in this new breach, with
an associated ebb-tidal delta. Numerous other exawples of
hurricane breaching have been documented by Otvos (1979) for
Petit Bois (in the 1940's). Ship Island (1916-17). and
Horn Island (in the 1700's and 1800's).
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HURRICANES AFFECTING COASTAL ALABAMA

After the settlement of Mobbile in 1702, the record of
hurricanes affecting Alabama is fairly complete. In a
269-year period between 1711 and 1980, 56 tropical cyclones
of hurricane intensity have crossed the Mississippi/Alabama
coast, or near enough to have affected Dauphin Island (U.S.
Army Corps of Engineers. 1967a and 1967b). Table 1 lists
the physical characteristics of most storms affecting the
region since 1772. Simpson and Lawrence (1971) predict
that between Biloxi, Mississippi and the mouth of Mokbile
Say, the annual probability of landfall for a tropical
storm is 13 percent. for a hurricane 6 percent. and for a
great hurricane 1 percent. These storms typically occur
between June and October. most frequently in August and
September.

CHARACTERISTICS OF HURRICANE FREDERIC

Frederic developed from a tropical depression located
1050 km southwest of the Cape Wrde Islands on August 29,
1979. By the afternoon of September 1, it had strengthened
to hurricane force (sustained winds 120 km/hr ) and was
moving at 32 km/hr towards the west-northwest. After
moving across the northern Lesser Antilles. and muach of the
Greater Antilles. Frederic 'diminished to a tropical depression
on September 6. After crossing western Cuba on the 10th of
September, Frederic regained hurricane strength. It tra-
versed the WIT -oMexico in two and a half days at an
average speed of 16 km/hr. Because of its slow speed and
huge lateral extent, Frederic developed a large storm
surge. The peak open coast storm tide during landfall on
September 13 was recorded at Gulf Shores, Alabama. where
the water reached 36!~ cm above MS51 (fig. 5). This peak
storm tide occurred 30 km to the east (right) of the point
of landfall.

Storm tides decreased rapidly to the west of time
point of landfall. Pascagoula recorded only 185 cm and
Bay St. Louis a mere 100 cm above MSL. Figure 5 demonstrates
the asymmetry with regard to the observed storm tide dis-
tribution at the point of hurricane landfall.

Figure 6 presents synoptic charts of hurricane
Frederic's circulation between midnight (CST) on September
12 and 0 (CST) on September 13, 1979. The maps demon-
strate the rapid shift in winds over Dauphin island from
northeast via north to west and southwest during hurricane
passage. The sequence of geological events recorded at
Dauphin Island reflects quite distinctly this sequence of
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Figure 6. Synoptic surface weather maps of Fredaric (Data
from: New Orleans Area Weather Service Ibrecast Office.)

Figure 7. Deep vater lo... ........ v3
time series of lw
Frederic' s physical.
parameters recorded
at 11OAAs data mW~
buoy 33 42003 (from
Diez, 1980).
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Figure 8. wind velocity
and central pressure 1020 2

time series for hurri- MAXIMUM VAND-12 V

cane Frederic between 1- . *--- 20

September 8 and 19,
1979 (Data from: U.S. lawo
weather Service Hurri-

a socane Warning office.
1979).
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General

The geological effects of a hurricane on a barrier
island can be separated according to three different stages
of the hurricane cycle. First is the impact associated
with rising water levels due to the storm surge. This
stage is associated with strong onshore winds and intense
wave-induced beach erosion. The effects on Dauphin Island
are discussed here under "flood-surge response." After
landfall, the winds generally blow offshore or alongshore;
the water level drops rapidly, and another set of processes.
the deepening or cutting of tidal passes, dominates. The
specific effects on Dauphin island are discussed under "ebb-
surge response." Finally, for months or perhaps years after
a major hurricane, the affected island is out of equilibrium
with the normal "fair-weather" processes. The gradual
restoration of the island under these conditions is discuss-
ed under the heading "post-storm recovery."

Gulf Beac

The amount of shoreline retreat at Dauphin Island was
measured from two sets of high-quality vertical aerial
photographs. The pre-hurricane photographs are dated
October. 1976. The post-hurricane photographs were obtained
by the U.S. Army Corps of Engineers, Mobile District, on
September 22. 1979. Precise measurements to the high water
line, relative to a commnon baseline on both sets of photos.
were used to produce the shoreline retreat map in figure 9.
The plotted hurricane-related retreat is corrected for the
amount of shoreline erosion expected to have taken place
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under "normal" processes between 1976 and 1979. Hardin
et al., 1976 estimate this value to be 3 m/year, or a
Gti of 9 m.

N

[1111 D o ,. , o, ./ -
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Figure 9. Shoreline retreat values for the Gulf and Sound
shores of Dauphin Island.

The amount of shoreline retreat varied considerably
along the Gulf beach of Dauphin Island (fig. 9). The
least amount of erosion took place near the center of the
Pleistocene core at Dauphin and Bienville Beach areas.
This small amount of erosion is related to the sheltering
effect of the supra-tidal shoals on the west flank of the
ebb-tidal delta. These shoals, Sand and Pelican Islands.
were nearly leveled to subtidal shoals by the hurricane.
These sand bodies greatly reduced the amount of wave energy
reaching the shoreline. It appears that hurricane wave
refraction around the ebb-tidal delta platform and these
shoals may have created a zone of longshore transport
convergence at Dauphin and Bienville Beaches. East and
west of these beaches, the amount of shoreline retreat was
much greater. The increase in erosion along the east end
of Dauphin Island reflects an increase in distance and
water depth between the shallow ebb-tidal delta margin
and the island shore. Based on the track of Frederic,
surface weather charts, and post-storm barrier morphology,
the peak wave energy that struck the island appears to
have arrived from the southeast. The east end of Dauphin
Island was openly exposed to hurricane waves coming from
that direction. The east end shore retreated about 20 m.

A maximum shoreline retreat of about 40 m occurred
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immadiately west of the high dunes fronting the Pleistocene
core of the island (fig. 3 and 9). At this location, the
downdrift margin of the ebb-tidal delta is attached to the
shoreface. Refraction analysis for hurricane waves arriving
from the SE or SSE suggests that the ebb-tidal delta swash
platform focused wave energy at this very location.

Shoreline retreat averaged 15 m along the western
two-thirds of the island. In light of hurricane wave
refraction, the pattern of erosion along the Gulf beach of
Dauphin Island is readily explicable. The pattern, however,
is not transferable as a basis for prediction of storm
erosion along other Gulf coast barriers. In fact, this
erosion pattern corresponds more to a response expected for
mesotidal east coast barriers. Normally, those are the
barriers with a "drumstick" shape and large associated
ebb-tidal deltas (Hayes, 1979). The Dauphin Island morpho-
logy is rather an anomaly for the microtidal Gulf coast; an
anomaly which is due in part to the Pleistocene core, in
part to the large discharge of the Mobile River contributing
to the formation of the ebb-tidal delta at the bay entrance.

Dunes and Barrier Flats

The dune complex on the Pleistocene part of Dauphin
Island was eroded along most of its front but only locally
breached by minor hurricane channels (fig. 10).

Figure 10. Two breaches,
now closed by landward bar
migration, through low areas
in the dune complex at the
east (Pleistocene) end of
Dauphin Island. (Courtesy of
Irving Mendelssohn. Photo
taken September 28, 1979.)

The low-profile Holocene spit of Dauphin Island had a
typical elevation of 1.5 to 2 Imeters above MSL (fig. 3).
Prior to Frederic, only small discontinuous dunes resting
on a nearly continuous washover terrace existed. The
response of this spit to hurricane overwash includes the
formation of: (a) a continuous washover terrace (fig. 11),
(b) large scour holes (fig. 12), and (c) major and minor
washover channels (fig. 13).

The continuous washover terrace on Dauphin Island
extends across the island to the Mississippi Sound shore-
line (fig. 11). The thickness of the sand sheets varies
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Figure 11. View of washover terraces
toward the west end of Dauphin Island.
immediately after the passage of
Frederic. (Photo taken Sept. 15, 1979.)

I

Figure 12 (A) (above). View
towards the north of scour holes
on the barrier flat.
Figure 12 (B) (right). Ground
photo of a single scour hole in the
washover terrace. (Photo taken
June 21, 1980).

from 110 cm to 20 cm and tends to be thicker towards the
back-barrier side of the island. From east to west, the
washover thickness generally decreases as the relative
elevation of the barrier increase , and the height of the
storm tide decreased.

Large scour holes, some many meters in diameter and up
to a meter deep, had formed in what appeared to be a random
distribution across the barrier flat (fig. 12). Pre-Freder-ic air photos revealed an abundance of similar depression.Gest likely dating back to earlier hurricanes.

Minor hurricane channels1 were abundant along the
entire island, particularly within the housing development
(fig. 4 and 13). Typically, these minor channels are
scoured deepest into the old storm berm and then shoal
landward. They are oriented at an oblique angle to the
beach toward the northwest, reflecting the dominant wave
approach during the flood surge (fig. 14). Only three
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Pigure 14. Minor washover
channels scoured into the
beach crest oriented towards W

the northwest. (Photo taken
on Sept. 22, 1979.)

major hurricane channels 2 developed. These, however, are
not natural occurences? they are associated with two pre-
existing drainage canals and a dirt road (see figure 13,B').

Back-Barrier Margin

To our surprise, the Mississippi Sound shoreline of
Dauphin Island retreated more than the Gulf shore; the
average amount of retreat was about 25 m (fig. 9). Back-
barrier erosion was caused by an intense hydraulic jump

(Chow, 1959) that developed where the shallow sheet of
water flowing across the barrier flat in an upper flow
regime ettered the deeper water of Mississippi ound
(Schramm et al. 1980). The scouring action of overwash is
responsible ?or shoreline retreat and for the formation of
a nearly continuous deep trough along the back-barrier
margin with large flame-shaped washover fans extending
into Mississippi Sound (fig. 13, 14, and 15). Deep ramps 4

lead from this scoured trough onto the washover fans. The
fan size is generally in proportion to the size. of the
ramp channel. As overwash entered Mississippi Sound, scour-
ing the back-barrier margin, the entrained sediment was
deposited in flame-shaped fans, due to mixing of overwash
and Sound water and consequent reduction in sediment
transport capacity. The higher the velocity of the over-
wash current, the wore elongated the fan, because mixing
is most effective along the lateral margins of the jet.

1Minor hurricane channels are those cut through a beach
Verm or foredune ridge above MSL.
'Major channels are those which are cut below MSL and
remain active after subsidence of the storm surge (Hayes,
1967).

I) -_ _ _ _
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Figure 15 (A) (above). Pre-
Frederic photo of the back-
barrier margin of Dauphin
Island. (Photo taken Dec.17. )

Figure 15 (B) (above right). Post-Frederic photo of same
area. Note flame-shaped washovers (1) and scour trough (2).
(Photo taken Sept. 22, 1979.)

EBB-SURGE RESPONSE

The ebb-surge primarily affected Little Dauphin
Island by breaching or reopening three inlets and forming
a deep scour trough along the Mobile Bay margin with flame-
shaped washover fans extending into the bay (fig. 16).

The reopening of Pass Drury by an ebb-surge flowing
from Mississippi Sound to Mobile Bay via Little Dauphin
Island Bay is documented by the following data (fig. 17):
(1) Imediately after opening, there was a large sand body
on the Mobile Bay side of the inlet, i.e. the ebb-tidal
delta of Pass Drury. (2) Several channel markers in
Dauphin Island Bay, west of the inlet, were bent to the
east in the direction of ebb flow. (3) Post-hurricane
hydrography in Pass Drury immediately after opening in-
dicated that the inlet is flood dominated, in spite of the
existence of the "ebb-tidal delta." However, on Dauphin
Island proper, the morphologic evidence indicates that
hurricane channels were cut by flood flow. The most common
sequence of inlet-cutting through barrier islands is
probably one in which the storm-surge flood initiates the
breach, and the ebb currents deepen it into a major channel
(Hayes, 1967" Greenwood and Keay, 1979).

- .,.
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Figure 16(A). Shoreline erosion and breaching at Littlef
Dauphin Island.
Figure 16(B). An aerial view along Little Dauphin island
towards the southeast. Note the flame-shaped sand bodies
associated with each newly breached inlet extending into
Mobile Say. (Photo taken March 12, 1980).

;44-1.

Figure 17(A). Pre-Frederic air photo of the location of
Pass Drury before breachng. (Photo taken Dec. 17, 1978.)
Figure 17(B). Post-storm air photo of Pass Drury with ebb-
surge oriented sand body extending into Mobile Say. (Photo
taken October 25, 1979.)

.. , . - -------------
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POST-STORM RECOVERY

Gul f Beach

The immediate post-hurricane beach on Dauphin Island
had a smooth, upward -concave profile. During the waning
stages of the storm, the wave steepness, the ratio of deep
water wave height (H) to wave length (Lo), decreased below
0.025, the value found by Johnson (1956) to differentiate
between erosional and accretionary waves. Under these
wave conditions, sediment was returned to the beach face
in the form of a landward-migrating ridge with a steep
landward-dipping slipface. This landward-migrating ridge
was quite evident on the Gulf beach of Vauphin Island only
9 days after the hurricane (fig. 18). A beach profile
established 3 days after Frederic and resurveyed 8 days
later measured 9 meters of accretion (fig. 19). By
March 8, 1980, the profile showed only slight additional
accretion.

Figure 18. oblique air photo
of a major hurricane channel
(A) closed by a large
accretionary ridge only 9
days after Frederic.
(Photo taken Sept. 22, 1979.)

40 .... ... ... .. ' 2 2 .:....

............ 3 e 8 ,
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Figure 19 (A). Beach profile illustrating beach recovery
after Frederic.
Figure 19. (B). Ground photo of accretionary ridge (light)
overlapping the smooth post-storm profile. (Photo taken
Sept. 24. 1979.)
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Mississippi Sound and Mobile Bay Shoreline

The post-storm recovery along the back-barrier margin
of Dauphin Island took place at a slower pace because of
the lower wave energy of Mississippi Sound. The termini
of the large washover fans were slowly reworked and smooth-
ed. A beach profile established 3 days after Frederic made
landfall was resurveyed 8 days later showing onZlyminor
change (fig. 20). By March, 1980, considerable change had

Figure 20. Back-barrier beach
profile illustrating the i:
reworking of the washover d

fan margin. (Photo takenJ
June, 1980.)

0 10 20 30 40 50 60 70

O..,e (m)

taken place. The flame-shaped washover fans formed by
Frederic had been smoothed and reworked landward, forming
a nearly continuous ridge along the entire sound side of
Dauphin Island, enclosing a series of inter-connected ponds
(fig. 21). These ponds fill with fine sediment and provide
the framework for the development of back-barrier marshes
along Dauphin Island. A similiar pattern of recovery was
observed along the Mobile Bay shoreline of Little Dauphin
Island (fig. 22).

Figure 21 (A). An oblique air photo of the smoothed, re-
worked washover fan margins forming a nearly continuous
ridge.(Na. 12, 1980).(B) Air photo of a small pond. note
the straight ridge (June 21, 1980).Compare w/ fig. 13 and 15.

11u
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Figure 22 (A). Ebb-surge scour and deposition at Little
Dauphin Island. Mobile Bay at bottom and Dauphin Island
Bay at top. (Photo taken Sept. 15, 1979).
Figure 22 (B). Oblique air photo of the barrier beach which
had welded onto Little Dauphin Island by June 21. 1980.
(Photo taken June 21, 1980).

EFFECTS OF MAN-MADN STRUCTURES

Dauphin Island was connected to the Alabama mainland
by a causeway across Mississippi Sound in 1955. The bridge
connection initiated rapid residential development on the
island. High and relatively protected areas on the
Pleistocene eastern core of the island were subdivided and
made ready for the housing boom. However, the low Holo-
cene spit west of the dune ridge (fig. 4) caught most of
the attention of land developers because of the more
aesthetic view; it offered views of the Gulf of Mexico
unobstructed by any foredune ridges. It was known to the
original founders of the Dauphin Island Development
Corporation that this particular area had been an open
breach between 1916 and some time in the late 1940's. It
was also known and documented by air photos (Hardin et al.
1976) that the breach had reo ened in 1947. These facts,
however, appear to have had little impact on the decision
to center the western development at this most vulnerable
of all locations on the island.

The intensity of storm-surge related damage in the
western development was primarily due to two first-order
effects: the refractive focusing of wave energy by the
western flank of the Mobile Bay ebb-tidal delta and the low
profile inherited from earlier breachings. There were,
however, a wide range of second-order scour effects, many
of which were clearly directly caused by man-made structures
and features.
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Shore-normal low features, for examp~le driveways,
drainage and boat canals. and marina entrances, acted as
conduits for the rising flood waters, became preferentially
scoured, and caused the formation of all the major, and
most minor. hurricane channels. The presence of strong
currents through the marina in the western development is
quite evident in the existence of large Mississippi
Sound flame-shaped fans immediately behind the navigation
channels (fig. 23). The two major hurricane channels
at the western extremity of the development (fig. 13)
occupy the previous locations of a dirt road and a drain-
age canal.

Figure 23 (A). Pre-Frederic vertical air photo of marina-
style subdivision. (Photo taken October, 1976.)
Figure 23 (B). Post-Frederic vertical air photo of sane
subdivision. Note the beach erosion and breaches through
the marina into Mississippi Sound. (Photo taken Sept. 22.
1979.)

House-support pilings induced turbulence in the
overwash currents. This, in turn, accelerated scour and
produced linear channels (fig. 13, 24) or crescentic
scour zones downcurrent of many homes (fig. 25). Areas
between many crescentic scours became zones of sediment
deposition, locally causing sand accumulations as much as
one meter thick (fig. 24).

it should be pointed our that the 1916 and 1947
hurricanes, both of which had smaller storm tide elevations
than Hurricane Predsric (Table 1), breached Dauphin Island*.
Frederic did not. The reasons for this are unclear, because
data frm the former hurricanes are scanty. The possibility
should not be ruled out, however, that there might be
some element of strengthening of the island with the
construction of multiple homes, paved roads, and lawns.
The location of the western development is certainly
unwise from the point of view of property safety. A dev-
elopment within the island's Pleistocene core, which was
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Fiure 24. Scour
channels and zones of
sediment deposition
downcurrent of some
houses within the
western development.

Figure 25. Crescentic
scour zones related to
"obstacles" on the
back-barrier side of
the western development.

hardly damaged by Frederic, would have made much more
economic sense. However, it does not follow that the
sediment budget for the developed portion of the Holocene
spit has been changed in an adverse way.

DISCUSSION AND CONCLUSIONS

The many instances of hurricanes breaching Gulf coast
barriers, the significant alteration of Dauphin Island
documented in this paper, and observations of the multi-
tude of geological alterations on the south Texas coast
caused by Hurricane Allen a week before this writing, have
convinced the authors that hurricanes play a dominant role
in the evolution of barrier island morphology and strati-
graphy along the U.S. Gulf Coast. The significant geologi-
cal effects of hurricanes include the following:
(1) Island breaching and the formation of multiple major

and minor hurricane channels.
(2) On low-profile barriers hurricanes normally deposit

continuous washover terraces as the barrier flats
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and deep erosional channels and fans in the back-
barrier lagoon.

(3) On high-profile barriers one generally experiences
extensive dune scarp retreat and localized foredune
breaching with the deposition of attendant interdune
fans (Scott and McGowen, 1975).

The frequency of hurricanes along the Gulf Coast is
high enough to cause repeated impacts during the lifetime
of any given man-made development project. Therefore,
major efforts should be undertaken to try to predict the
distribution of different hazard zones on any given island
prior to its development. The observations presented in
this paper of Hurricane Frederic's impact on Dauphin
Island should help identify some of the factors which
must be considered in such an assessment. These factors
include:
(1) The island topography. On Dauphin Island the eastern

high-dune region was cut by only a few minor hurricane
channels, whereas the low western Holocene spit was
completely overwashed.

(2) The nearshore bathymetry. Maximum shoreline erosion
and property damage on Dauphin Island occurred im-
mediately downdrift of the ebb-tidal delta flank.
This is a zone of wave energy focusing due to refrac-
tion around the tidal delta shoals.

(3) The geometry of man-made features. Roads, canals, and
other shore-normal structures acted to localize erosion
and created both minor and major hurricane channels.
Property damage was especially severe adjacent to these
channels.

Hurricane Frederic was a severe hurricane of the mag-
nitude which should be considered in proper planning of
Gulf Coast barrier development. Many of its destructive
effects could have been predicted, and property damage
could have been greatly reduced if an effort had been made
to do so prior to the construction of the western develop-
ment.
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